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Purpose To identify the prevalence and risk factors associated with the development
of low anterior resection syndrome (LARS)

Low tumor height was a significant risk factor that has 
a negative impact on bowel function after surgery.
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INTRODUCTION 

Colorectal cancer (CRC) is one of the leading cancers worldwide 
as well as in Malaysia. Malaysia was the third highest overall CRC 
incidence (18.30 per 100,000) in South East Asia, after Singapore 
and Brunei [1]. Malaysia reported an 11.3% increase in new can-
cer cases from 103,507 in 2007–2011 to 115,238 in 2012–2016. It 
was the most common cancer in men and second in women in 
Malaysia according to Malaysian National Cancer Registry report 
2012–2016. Chinese ethnicity has the highest incidence, followed 
by Malay and Indian [2]. Left-sided carcinoma is the commonest 
form and constitutes 81.8% of all notified cases [3]. 

Historically, low-lying rectal cancer was treated with abdominal 
perineal resection, which was considered the gold standard. 
During the past decades, the approach and treatment of rectal 
cancer have improved and advanced markedly with the introduc-
tion of neoadjuvant therapy and innovation and advent of better 
surgical techniques and equipment. Low anterior resection (LAR) 
and total mesorectal excision (TME) with or without diversion 
stoma has become the preferred surgical procedure in a patient 
with resectable rectal cancer, with the intention to preserve anal 
sphincter and avoid permanent stoma [4]. 

Oncological outcomes following rectal cancer surgery have im-
proved significantly over recent decades with lower recurrences 
and longer over survival. However, these survival advantages have 
greatly overshadowed functional outcomes of surgery, which are 
poor for many patients and consistently under-reported [5]. Ana-
tomical preservation in sphincter preserving surgery does not al-

ways mean a perfect restoration of anorectal function. Many of 
the patients experienced several bowel symptoms after surgery, 
which include flatus and fecal incontinence, frequent bowel open-
ing, urgency, or sense of incomplete defecation. This combination 
of such symptoms after sphincter preserving surgery is referred to 
as LAR syndrome (LARS) and it can be associated with significant 
negative impact on quality of life [6]. 

A pragmatic definition of anterior resection syndrome is disor-
dered bowel function after rectal resection, leading to detriment 
in quality of life. These symptoms usually improved a few months 
after surgery, and reach plateau within 2 years. Studies have 
shown the presence of adverse symptoms after surgery can be 
long term and up to 15 years after surgery, with the prevalence of 
obstructed defecation symptoms from 12% to 73% and fecal in-
continence symptoms varying from 0% to 71% [5]. The term "low 
anterior resection syndrome" is more commonly used due to its 
association with lower resection and anastomosis [7]. 

LARS has a major impact on the quality of life depending on 
the severity of the symptoms. Many patients suffer from disability, 
describing social limitations, and developing psychiatric disorders 
[8]. The estimated prevalence of LARS was reported to be ranging 
from 19% to 52% in variety of studies [9]. The use of different as-
sessment and collection tools that are not specific to LARS leads 
to such discrepancies in the data collection for prevalence. A vali-
dated scoring system specific to LAR was introduced by Emmert-
sen and Laurberg [10], taking into consideration of bowel dys-
function and its overall impact on patient quality of life. This al-
lows the collection of comparable data as well as makes me-
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ta-analysis possible. 
Despite LARS being a significant and rising concern among 

surgeons and patients, the exact pathophysiology was not fully 
understood. Recent studies have addressed possible factors con-
tributing to LARS, such as age, surgical technique (total or partial 
mesorectal excision), type of anastomosis, adjuvant therapy, neo-
adjuvant therapy, and postoperative complications (anastomosis 
leakage or stricture) [11]. 

Since patients who undergo a sphincter-sparing rectal resection 
are at risk of developing LARS, perioperative efforts should be 
made to prevent LARS. The aim of this study was to identify the 
prevalence of LARS among patients who underwent sphincter 
preserving rectal surgery and clinical risk factors associated with 
the development of LARS in our populations.  

METHODS  

Ethics statement 
The study was approved by the Human Research Ethics Commit-
tee of Universiti Sains Malaysia (No. USM/JEPeM/19120879) and 
by the Medical Research and Ethics Committee of the Ministry of 
Health Malaysia (No. NMRR-19-3385-51510 (IIR)). All partici-
pants have provided written informed consent. 

Study design and setting 
This is a cross-sectional study of patients with rectal cancer who 
had undergone sphincter-preserving anterior resection at Hospi-
tal Raja Perempuan Zainab II (HRPZ II) in Kota Bharu, Malaysia 
and Hospital Universiti Sains Malaysia (HUSM) in Kubang Keri-
an, Malaysia. These 2 hospitals are the main and referral hospitals 
with colorectal units in Kelantan, Malaysia. 

Participants 
All patients who were diagnosed with rectal cancer and had under-
gone sphincter-preserving anterior resection (anterior resection, 
LAR, and ultra-LAR) at the participating hospitals between Janu-
ary 2011 and December 2020 were recruited. All patients with age 
more than 18 years old and above, and had restored bowel continu-
ity for at least 12 weeks were included while patients with stoma, 
recurrent disease, and intellectual disabilities were excluded. 

The sample size for this study was calculated using the PS: Pow-
er and Sample Size Calculation ver. 3.0.12 (DalePlummer) with 
the significance level (α) of 0.05, and the power of study (1–β) of 
80% based on the parameter estimate obtained from Jimenez-Go-
mez et al. [12]. The final targeted sample size was determined by 
considering 10% dropout rate. The estimated sample size for this 
study was 84 samples. 

Data collection 
The data of these patients were retrieved from the record units 
and operation theatres at HRPZ II and HUSM. Upon entry into 
the study, upon clinic follow-up, patients were asked to complete 
an interviewed based questionnaire designed to assess bowel dys-
function after rectal cancer surgery in a colorectal clinic. The rest 
of clinical variables were retrieved from patient case notes and 
electronic records. 

All the patients were interviewed only by the principal investi-
gator to reduce the risk of bias. Clinical data from the question-
naires were collected and inserted into a LARS database. Patients 
were grouped into 2 separate cohorts (those with major LARS 
scores and those with minor or LARS symptoms). Categorical 
outcomes were compared for the major LARS group. 

A proforma checklist was used to guide data extraction and the 
following data were recorded from patient case notes: demo-
graphic data (age at surgery, sex, and race); type of surgery (emer-
gency or elective); approach (either laparotomy or laparoscopic or 
laparoscopic converted to laparotomy); type of resection (anterior 
resection, LAR, or ultra-LAR); tumor demographic (staging, 
height of tumor from anal verge, and location of tumor in rec-
tum); neoadjuvant therapy (short- or long-course concurrent 
chemoradiation or any adjuvant therapy given postoperatively); 
any creation of diversion stoma and duration of patient on diver-
sion stoma; and postoperative complications (anastomotic leak, 
abscess, ileus, and anastomotic stricture).  

LARS score  
The research tool used in this study is an international validated 
scoring system, the LARS score [10, 13]. The LARS score is a sim-
ple 5-questions tool that was first created in 2012 in Denmark and 
has been validated in English translation in 2015 by Juul et al. [14]. 
Those with a LARS score of 30 to 42 were regarded as having ma-
jor LARS while those scoring 21 to 29 and 0 to 20 were catego-
rized as having minor LARS and no LARS, respectively. The 
questionnaire used in this study was obtained with permission. 
On the European Society of Coloproctology (ESCP) website, 
LARS scoring instructions are available together with the Bowel 
Function Questionnaire in 24 languages and Malay language was 
one of the translated versions.  

Data analysis 
Descriptive statistics were used to summarize the sociodemo-
graphic characteristics of subjects. Numerical data were presented 
as means ± standard deviations (SDs) or medians (interquartile 
ranges) based on their normality distribution. Categorical data 
were presented as frequency (percentage). Each specific objective 

429https://doi.org/10.3393/ac.2022.00227.0032

Ann Coloproctol 2023;39(5):427-434

https://doi.org/10.3393/ac.2022.00227.0032


was analyzed descriptively. The data were analyzed by univariable 
analysis (simple logistic regression) and multivariable analysis 
(multiple logistic regression). 

The independent variable involved in this study were numerical 
category (age and duration on diversion stoma); categorical group 
(operation, staging, T category, N category, height of tumor from 
anal verge, location of tumor in rectum, neoadjuvant therapy, for-
mation of stoma, and any postoperative complication such as 
leaking, abscess, ileus, or stricture). In the simple logistics regres-
sion analyses, one by one variable was tested and variables with a 
P-value of <  0.25 were included in the next analysis (multiple lo-
gistics regression). Variables with a P-value of < 0.25 were age at 
surgery, the height of tumor from anal verge, stoma, duration on 
diversion stoma, and abscess. Backward and forward logistic re-
gression methods were applied in the multiple logistics regression 
in selecting the most influenced variables associated with the de-
velopment of LARS among rectum cancer patients. All odds ratios 
(ORs) were presented with 95% confidence intervals (CI). Statisti-
cal analysis was carried out using IBM SPSS ver. 22.0 (IBM Corp). 
The limit of significance was set at 0.05. 

RESULTS 

Patient demographics and clinical characteristics 
The calculated sample size including a 10.0% dropout rate was 84. 
However, only 76 data of the patients were available during the 
data collection period, notably due to low patient turn-up rates in 
the clinic during the COVID-19 period. These 76 patients who 
fulfilled subject criteria recruited from those who had sphincter 
preserving rectal surgery for rectal cancer performed in HRPZ II 
and HUSM from January 2011 until December 2020 had achieved 
the optimum sample required with the power of study of 80.0%. 

Forty-two patients (55.3%) were male. Majority of the patients 
(n= 71, 93.4%) were Malay. This is consistent with demographic 
data of Kelantan, Malaysia population where more than 90% of 
the populations are Malay. The mean age of patients when they 
had surgery was 60.9 years, and 56.6% of patients were 60 years 
and above when surgery was performed (Supplementary Table 1). 

The majority of surgery (94.7%) was performed as elective pro-
cedures as most of the patients presented with obstructed tumor 
had trephine diversion stoma prior to definitive surgery, rather 
than single-staged surgery. Eighty percent of the surgery was done 
with laparotomy approach due to tumor factor as well as surgeon 
preferences. According to LARS score, there were 25 patients 
(32.9%) with major LARS, 10 patients (13.2%) with minor LARS, 
and 41 patients (53.9%) with no LARS. The mean ± SD of dura-
tion from surgery performed until the questionnaire is 

34.8 ± 21.37 months as patient was collected over a period of 10 
years (Supplementary Table 2).  

For the tumor demographic, 19 patients (25.0%) presented with 
low rectum tumor where tumor height was less than 8 cm from 
anal verge, and among this group of patients, 40% of them experi-
ence major LARS (Supplementary Table 3). 

Twenty-three patients (30.3%) with rectal cancer in our study 
received neoadjuvant concurrent chemoradiotherapy (CCRT) 
prior to surgery and 37 patients (48.7%) received adjuvant therapy 
either chemotherapy or both chemotherapy with radiotherapy 
(Supplementary Table 4). There was no case of radiotherapy alone 
in the neoadjuvant or adjuvant setting. Only long-course neoad-
juvant CCRT was given to our patient. 

The stoma is created for the purpose of either preoperatively 
obstructed tumor prior to definitive surgery or as a diversion in-
traoperatively for low anastomosis. Fifty-seven patients (75.0%) 
had a stoma created and 36.8% of them had major LARS after re-
versal of the stoma. The mean duration of patients on stoma prior 
to reversal was 13 months where long mean duration was noted 
in patients who developed LARS (Supplementary Table 5). 

Factors associated with the development of LARS among 
rectum cancer patients 
Table 1 shows univariable analyses on the factors associated with 
the development of LARS among rectum cancer patients. Using 
simple logistic regression, variables with a P-value less than 0.25 
were age at surgery, height of tumor from anal verge, stoma, dura-
tion on diversion stoma, and abscess. 

Multiple logistic regression showed that the height of tumor 
from anal verge was the factor associated with the development of 
LARS among rectum cancer patients. After adjustment for age at 
surgery, the height of tumor from anal verge, stoma, duration on 
diversion stoma, and abscess, the results showed that patients with 
less than 8 cm tumor from anal verge had an increased risk of 
LARS by 3 times compared to patients with 8 cm and above (ad-
justed OR, 3.11; 95% CI, 1.06–9.13; P= 0.039). 

DISCUSSION 

With the advancement of neoadjuvant therapy and surgical tech-
nique, overall survival for rectal cancer has increased compared to 
previously. Apart from the oncological outcome, more attention is 
being paid to functional outcomes in patients who underwent 
sphincter preserving rectal cancer surgery. Severe bowel dysfunc-
tion has led to a negative impact on patients’ quality of life and af-
fects their day-to-day activities. Thus, it is important to evaluate 
bowel symptoms during follow-up and risk factors associated 
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Table 1. Factors associated with the development of LARS among rectum cancer patients from simple logistics regression analyses (n= 76)
Variable β Crude OR (95% CI) Wald statistic (df) P-value
Age at surgerya (yr) –0.04 0.96 (0.92–1.01) 2.49 (1) 0.115
Operation
 AR 0 1 (Reference) - -
 LAR 0.16 1.18 (0.26–5.31) 0.05 (1) 0.831
 Ultra-LAR 0.92 2.50 (0.85–7.37) 2.76 (1) 0.097
Stage
 I 0 1 (Reference) - -
 II –0.17 0.84 (0.23–3.10) 0.07 (1) 0.797
 III 0.51 1.67 (0.47–5.94) 0.62 (1) 0.431
 IV –0.48 0.62 (0.10–3.92) 0.26 (1) 0.610
T category
 T1 0 1 (Reference) - -
 T2 0.18 1.20 (0.10–15.20) 0.02 (1) 0.888
 T3 0.12 1.13 (0.09–13.70) 0.01 (1) 0.923
 T4 –1.01 0.36 (0.02–6.19) 0.49 (1) 0.484
N category
 N0 0 1 (Reference) - -
 N1 0.60 1.81 (0.64–5.10) 1.27 (1) 0.260
 N2 0.24 1.27 (0.21–7.79) 0.07 (1) 0.797
Height of tumor from anal vergea

 ≥ 8 cm 0 1 (Reference) - -
 < 8 cm 1.14 3.11 (1.06–9.13) 4.27 (1) 0.039
Location of tumor in rectumb

 Upper (12–15 cm from anal verge) 0 1 (Reference) - -
 Middle (8–12 cm from anal verge) –0.26 0.77 (0.14–4.19) 0.09 (1) 0.762
 Lower (4–8 cm from anal verge) 1.10 2.99 (0.99–9.01) 3.79 (1) 0.051
Neoadjuvant
 No 0 1 (Reference) - -
 CCRT 0.12 1.13 (0.40–3.18) 0.05 (1) 0.818
Stomaa

 No 0 1 (Reference) - -
 Yes 0.78 2.19 (0.64–7.46) 1.56 (1) 0.211
Duration on diversion stomaa,c 0.04 1.04 (1.00–1.09) 2.18 (1) 0.140
Leaking
 No 0 1 (Reference) - -
 Yes –0.78 0.46 (0.09–2.45) 0.83 (1) 0.362
Abscessa

 No 0 1 (Reference) - -
 Yes –1.92 0.15 (0.01–1.49) 2.63 (1) 0.105
Ileus
 No 0 1 (Reference) - -
 Yes 0.41 1.50 (0.15–15.20) 0.12 (1) 0.731
Stricture
 No 0 1 (Reference) - -
 Yes –0.15 0.86 (0.25–2.89) 0.06 (1) 0.804
Postoperative complicationd

 No 0 1 (Reference) - -
 Yes 0.03 1.03 (0.35–2.99) 0.01 (1) 0.960
LARS, low anterior resection syndrome; OR, odds ratio; CI, confidence interval; AR, anterior resection; LAR, low anterior resection; CCRT, concurrent 
chemoradiotherapy.
aVariables included in variable selection regression analysis. bThe management of rectal tumor is according to these 3 parts where tumor in middle and 
lower rectum need a neoadjuvant CCRT before definitive surgery. cFifty-seven patients had a stoma. dPostoperative complications such as anastomotic 
leak and other complications like pelvic abscess, ileus, and anastomotic stricture. 

431https://doi.org/10.3393/ac.2022.00227.0032

Ann Coloproctol 2023;39(5):427-434

https://doi.org/10.3393/ac.2022.00227.0032


with the development of LARS need to be studied. Studies have 
shown that functional disturbances are most prominent during 
the first 12 months before stabilizing into long-term dysfunction 
[6]. Evidence has also shown that LARS could be permanent 
changes rather than short-term rectal irritability as adverse effects 
still present after 15 years following surgery [15]. 

A meta-analysis conducted in 2018 [16] has shown bowel dys-
function assessment after surgery was inconsistent because the 
majority of the studies have used nonvalidated questionnaires. 
The introduction of LARS score allows the collection of compara-
ble data and studies with higher-level evidence such as meta-anal-
yses can be conducted. Our study showed a prevalence of major 
LARS of 32.8%, which is consistent with the majority of the stud-
ies. The meta-analysis by Croese et al. [16] reported prevalence 
ranged from 17.8% to 56%, and all primary studies included had 
assessed prevalence of LARS using LARS score and thus offered a 
more accurate representative of the prevalence. 

LARS has gained more attention in recent years and substantial 
research was conducted to study the cause of LARS. However, the 
definite cause and pathophysiology for the development of LARS 
and its severity is not clearly understood yet. It is believed that 
symptoms of LARS are usually caused by multifactorial which in-
clude impaired anal sphincter function, neorectal reservoir dys-
function, and colonic dysmotility. An impaired anal sphincter can 
be the result from rectal mobilization and mesorectum dissection, 
mechanical tear during stapler insertion [17] or the effect of pelvic 
radiotherapy, and these can be manifested as urgency and incon-
tinence [5]. Neorectal reservoir dysfunction can be the result of 
denervation during surgery dissection and pelvic radiotherapy 
leading to hyposensitivity due to impaired afferent nerve function 
[18]. It can also be due to reduced rectum capacity and compli-
ance after surgery, thus smaller amount of feces is sufficient to 
stimulate defecation reflex causing stool frequency, urgency, fre-
quent and incontinence. However, construction of neorectal res-
ervoir such as colonic J-pouch only provide symptomatic im-
provement of less than 18 months, but no long-term benefit [19]. 

Various factors have been reported to be possibly associated 
with LARS in multiple studies conducted past decade, which in-
clude female sex, tumor height, level of anastomosis, neoadjuvant 
or adjuvant radiation therapy, presence of stoma, and postopera-
tive complications. In our study, we found no significant differ-
ences in the development of LARS between sex and different age 
group. Only 1 study [20] reported that age of > 70 years was asso-
ciated with LARS (P= 0.003), but the results were not significant 
in other studies. 

This study investigated the possible factors that predispose to 
the development of major LARS using an international validated 

LARS score in 76 patients. Our results suggested that tumor 
height of less than 8 cm from anal verge was a significant factor in 
the development of major LARS (P = 0.039). Tumor height and 
anastomosis height was one of the statistically significant variables 
affecting major LARS which was reported in a few other studies 
[10, 20, 21]. Lower tumor height will result in less rectum rem-
nants after surgery in order to achieve oncological resection mar-
gin. A low rectal tumor will invariably require TME during resec-
tion of primary tumor. TME was also reported to be significant 
factor associated with the development of LARS in a study by 
Carrillo et al. [22]. Although height of the tumor and anastomosis 
height was not discussed in that particular study, TME was per-
formed for middle and low rectal tumor. 

The rectum functions as a reservoir for stools, more rectum has 
to be resected in the low-lying tumor, thus leaving behind a small-
er neorectal reservoir. Conventional end-to-end colorectal or co-
loanal anastomosis was believed to contribute to symptoms of 
LARS such as incontinence and urgency. Various alternative con-
figuration techniques have been introduced, these include side to 
end anastomosis, colonic pouch, or transverse coloplasty. Early 
data suggested that patients who received reconstructive neorectal 
reservoir had a better functional bowel outcome in 12 months 
compared to end-to-end anastomosis. However, the frequency in 
the end-to-end anastomosis group reduced to that of pouch group 
by 24 months after surgery [23, 24]. The effect of neorectal volume 
in relation to the functional outcome remain unclear and offer no 
long-term benefits in any of the reconstructive technique [19]. 

Among all, neoadjuvant or adjuvant radiotherapy was one of 
the most consistent factors assessed and has shown to be statisti-
cally significant in the majority of the studies. Radiotherapy plays 
a critical role in the treatment of rectal cancer either as neoadju-
vant or adjuvant therapy in adjunct to surgical resection. Despite 
having better local recurrence outcome and increase overall sur-
vival [25], pelvic radiation is not without risk. Multiple studies in-
cluding a meta-analysis have consistently reported neoadjuvant 
radiotherapy as an independent risk factor for the development of 
LARS [9, 16, 21, 26, 27]. This is probably related to pelvic floor 
nerve damage and neorectal hyposensitivity as a complication 
from pelvic radiation. However, our study failed to show a rela-
tionship between radiation and poor bowel function. This is 
probably due to some patients in our study refusing radiotherapy 
as part of their treatment, and the lack of radiotherapy services in 
one of our centers might contribute as well. 

There is conflicting data on diversion stoma and duration of sto-
ma in relation to poorer bowel function after anterior resection. 
Our study has not shown any association between the stoma and 
major LARS. A recent randomized controlled trial in 2017 [28] 
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compared LARS score in patient treated with diversion stoma and 
without a stoma, had found no statistically different in major LARS 
when comparing both groups. However, few other studies have 
shown that the presence of diversion stoma is statistically associat-
ed with major LARS [9, 22]. Only 1 study [27] reported that stoma 
closure after 1 year had increased risk of major LARS. The associa-
tion was believed due to confounding factor rather than diversion 
stoma itself. Usually diversion stoma is created for low-lying tumor 
with lower anastomosis, which is again combined with TME, 
which both are known to increase risk of LARS. 

Common complications occur after anterior resection include 
anastomotic leak, pelvic abscess, ileus, and anastomotic stricture. 
Some studies have shown an increased risk of major LARS follow-
ing anastomotic leak; however, the results were not consistent. 
The anastomotic leak can lead to adverse bowel symptoms mani-
fested as increase frequency and incontinence, as well as impaired 
quality of life [29]. In the study, anastomotic leak and other com-
plications like pelvic abscess, ileus, and anastomotic stricture were 
not associated with major LARS. The study also tried to evaluate 
the association between the approach of surgery and the develop-
ment of major LARS. In our study, both laparotomy and laparo-
scopic approaches have not shown any statistically significant. 
This result is expected as we believe careful dissection during the 
surgery rather than the approach is more important to prevent 
denervation of pelvis nerve plexus. 

There were certain limitations within this current study. Firstly, 
the questionnaire was delivered only to those patients who follow 
up in the colorectal clinic within the study period. However, we 
managed to get 76 patients to answer the questionnaire despite 
limited clinic consultation and a low turn-up rate of patients where 
the healthcare is burdened with COVID-19 during the study peri-
od. In order to achieve a large cohort of patients to study the asso-
ciation between various risk factors and LARS, retrospective data 
were collected from 2011 until 2019. Thus, the patient who under-
went surgery earlier will have a longer duration before they answer 
the questionnaire. This might lead to an underestimation of the 
prevalence of LARS especially in the patient who had surgery ear-
lier. The nature of anastomosis and chemotherapy agents was not 
assessed in this study due to their heterogenicity. 

In conclusion, using an internationally validated questionnaire 
LARS score, our study reports that 1/3 of patients (32.8%) devel-
oped major LARS following sphincter preserving surgery for rec-
tal cancer. This study identified low tumor height as a significant 
risk factor that has a negative impact on bowel function after sur-
gery. The high prevalence of LARS emphasizes the need for study 
regarding risk factors and the importance of understanding the 
pathophysiology of LARS, in order for us to improve patient bow-

el function and quality of life after rectal cancer surgery. 
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